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® Air flow detector for engine control unit 

@ An exothermic resistor type air flow detector (1) 
which is compact and requires no special radiation 
structure. A control circuit comprised of a transistor 
(T) and a differential amplifier are formed with an 
exothermal resistor (Rh) on an insulated substrate 
(2), which is placed in an air passage (10) in which 
air current (Q) is to be measured. 
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BACKGROUND AND SUMMARY OF THE INVEN- 
TION 

The present invention pertains to an exother- 
mic resistor type air flow detector suitable in par- 
ticular for fuel control of automobile engines. 

Air flow detectors are used in various areas, 
including process control at chemical plants and air 
conditioning systems for buildings.. In automobiles, 
in particular, there is a need to accurately control 
the mixture of the fuel supply, for environmental 
protection purposes, as well as for resource con- 
servation. For this reason, there is a growing need 
for an air flow detector that detects engine air 
intake. Such detectors are expected to become 
commonplace in the future. 

One known air flow detector is the so-called 
heating resistor type, which detects the air flow 
from the heat value which it takes away from a 
heating resistor. However, mechanical strength and 
resistance against intrusions such as dust 
(maintaining precision of detection) are important 
attributes in an air flow detector of this type. For 
this reason, a detector that uses a laminar sub- 
strate with a filmy exothermic resistor formed on its 
surface has been proposed in the past, an example 
of which can be seen in Laid Open Japanese 
Patent Application No. 63-i34919. 

Such conventional technology requires a large 
amount of electricity for heating the exothermic 
resistor. However, heretofore no consideration has 
been given to the substantial heat generated in the 
control circuit that handles this heating electricity, 
and it has therefore been necessary to provide a 
large radiation structure in the control circuit, which 
has made it difficult to achieve a compact air flow 
detector design. 

SUMMARY OF THE INVENTION 

One objective of the present invention therefore 
is to provide an air flow detector that does not 
require a special heat radiating structure, and can 
be made compact without difficulty. 

This and other objects and advantages are 
achieved according to the invention by placing the 
control circuit near the substrate in which an ex- 
othermic resistor is formed, and by placing the 
exothermic resistor, including this control circuit in 
the air flow to be detected. As the control circuit is 
" exposed to the air flow, the heat which it generates 
is removed effectively by the air flow, thereby 
providing sufficient cooling without installing a spe- 
cial radiation structure. In addition, a sufficiently 
compact structure can be obtained, because a film 
structure can be realized by including the control 
circuit. 



Other objects, advantages and novel features 
of the present invention will become apparent from 
the following detailed description of the invention 
when considered in conjunction with the accom- 
5 panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a vertical cross sectional view of an 
10 embodiment of an air flow detector according to 
the present invention; 

Figure 2 is a horizontal cross sectional view of 
the air flow detector of Figure 1 ; 
Rgure 3 is a circuit diagram of an example of a 
75 control circuit for the air flow detector according 
to the present invention; 

Figure 4 is a circuit diagram of another example 

of a control for the air flow detector according to 

the present invention; 
20 Figure 5 is a circuit diagram of another example 

of a conversion circuit for the air flow detector 

according to the present invention; 

Figure 6 is a* circuit diagram of another example 

of a conversion circuit for the air flow detector 
25 according to the present invention; 

. Figure 7 Is a vertical cross sectional view of 

another embodiment according to the present 

invention; 

• Figure 8 is a horizontal cross sectional view of 
30 another embodiment according to the present 

invention; 

Figure 9 is a front view of an embodiment of an 
insulated substrate according to the present in- 
vention; 

35 Figure 10 is a rear view of an embodiment of an 
insulated substrate according to the present in- 
vention; 

Figure 11 shows the details of a through hole in 
an embodiment of an insulated substrate ac- 
40 cording to the present invention; 

Figure 12 shows another embodiment of an in- 
sulated substrate according to the present in- 
vention; 

Figure 13 shows yet another enibodiment of an 
45 insulated substrate according to the present in- 
vention; 

Figure 14 is a cross sectional diagram of an 
embodiment applying an air flow detector ac- 

• cording to the present invention to an air intake 
50 valve of an engine; and 

Figure 15 is a schematic diagram of an embodi- 
ment of an engine control unit according to the 
present invention. 

55 DETAILED DESCRIPTION OF THE DRAWINGS 

Figures 1 and 2 show embodiments of the 
present invention applied to an intake air flow de- 
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tector of an automobile engine. Figure 1 is a cross 
section in a plane parallel to the direction of air 
current flow, while Figure 2 is a cross section in a 
plane perpendicular to the direction of air flow. In 
these diagrams, 1 is an intake air flow detector 
according to the invention placed Inside an air 
intake tube 10 that comprises a part of an engine 
air intake passage which guides the air flow to be 
detected. 

An insulated substrate (insulating laminar part) 
2 made of alumina ceramic is used in this embodi- 
ment, and contains elements and circuits that are 
necessary for the detector. A casing 3 made of 
molded plastic comprises a base section 3A. a 
flange section SB. a case section 3C and a connec- 
tor section 3D. Insulated substrate 2 is arranged 
inside case section 3 C and fixed on base section 
3A with an adhesive 7: A positive electric terminal 
T1 , an output terminal T2 and a negative efectricity 
terminal T3 are contained in the connector section 
3D. 

Pads P1 through P3 at the edge of insulated 
substrate 2 are In contact with the circuit formed on 
the substrate and serve to connect it with the 
terminals T1 through T3 inside connector section 
3D, via wires L1 through L3. In addition, there is a 
window on casing 3 which affords access for con- 
nection of these wires L1 through L3. A cover 5 is 
fixed on this window with an adhesive after the 
connection work is completed. 

A narrow opening is placed on the wall surface 
of air intake tube 10. The air flow detector 1 is 
mounted on the air intake tube 10 by inserting it 
into this opening from outside, with flange section 
3B being held in place on the wail surface of the 
air intake tube 10 with a screw 6 via a packing 9. 

Figure 3 shows the detector circuit which is 
mounted on insulated substrate 2. Rh is an ex- 
othermic resistor (hot film) and the rest of the 
circuit corresponds to the control circuit in the 
embodiment. Rc is a resistor for air temperature 
detection (cold film) while R1 . R7 and R8 are fixed 
film resistors, T is a transistor and A is a differential 
amplifier. 

As shown in Figure 1. exothermic resistor Rh . 
and resistor Rc are formed on an insulated sub- 
strate 2 by a thick film using platinum or nickel 
print or a thin film using vaporization. Fixed film 
resistors R1, R7 and R8 are also formed on sub- 
strate 2, using nickel-chrome alloy for thin film with 
vaporization, and ruthenium tetroxide for thick film 
with print. The surface of these films (all resistors 
and conductors) are coated with glass. In addition, 
the surfaces of active components, transistor T and 
differential amplifier A, are covered with a coating 
resin 8 as shown in Figure 2. 

The operation of the air flow detector of Fig- 
ures 1 to 3 is described mathematically in the 



following. The exothermic resistor Rh is controlled 
(as described hereinafter) to have the resistance 
value.: 

5 RH = Ri . (RS + RCJ/R7 Equation 1 

RH: Resistance value of resistor. Rh 
RC: Resistance value of an air temperature 
^0 detection resistor Rc 

The resistance value RC. on the other hand can be 

expressed as: 

RC = RCO (1 + aTa) Equation 2 

75 

RCO: Resistance value of Rc at a reference 

temperature 
ot : Temperature coefficient 

.20 . Ta : Ambient air temperature 

A heating electric current Ih is supplied to exother- 
mic resistor Rh to heat it to a desired number of 
degrees higher than the air temperature Ta. The 
relationship between this heating electric current Ih 
25 and air flow Q Is as follows: 

Ih^RH = (A + 8 VQ) (T - Ta) Equation 3 



30 A, 8: Constant 

T : temperature of exothermic resistor Rh 
Since heating electric current Ih is thus a function 
of air flow Q. a voltage signal Vo, which shows air 
flow, can be obtained from terminal T2 by detect- 

35 ing this electric current with a resistor RI . 

The heating electric current Ih is determined 
by several factors, such as the structure, material 
and size of an insulated substrate 2 and exothermic 
resistor Rh. It can reach a magnitude of 10 mA to 

40 100 mA, and occasionally rises to the order of 
several amps when applied to intake air flow detec- 
tion of an automobile engine. This will result in 
extremely large consumption of electricity particu- 
lariy by resistor R1 and transistor T, which means 

45 that there will be considerable rise in temperature 
unless sufficient radiation takes place. 

Therefore, the entire control circuit (including 
resistor Rl and transistor T) is mounted on an 
insulated substrate 2 in . this embodiment. As a 

60 result, the whole circuit is totally exposed to the 
intake air flow of the engine; taking, advantage of 
significant cooling by the air flow, and the rise In 
temperature can be sufficiently restrained in a 
more compact control circuit, without installing* a 
65 special radiation structure such as a cooling fin. 

In the foregoing embodiment, the air flow de- 
tector circuit shown in Figure 3 is mounted on an 
insulated substrate 2. Another embodiment is 
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shown in Figure 4 in which an R-C circuit 20. 
together with a differential amplifier A. improve the 
operational response of the bridge circuit com- 
prised of exothermic resistor Rh, air temperature 
detection resistor Rc. and resistors R1. R7 and R8. 
That is, an exothermic resistor Rh has slow thermal 
response because it is formed as a film on the 
surface of an insulated' substrate 2, which has a 
relatively high heat capacity. On the other hand. R- 
C circuit 20 can obtain a timely response output at 
a resistor R1 as a result, as it functions to delay the 
response of bridge circuit when there is a change 
in air flow. 

Resistors R29 through R34 establish the offset 
voltage for a bridge circuit which includes a dif- 
ferential amplifier A. As feedback sensitivity of a 
heating current Ih against output voltage (Ih x R1) 
is changed after the offset voltage is changed by 
these resistors, the response against rapid change 
in air (start-up properties) can be maintained at a 

favorable state. 

Finally, a reference voltage circuit 21 and an 

amplification circuit 22 are capable of changing the 

gain and offset of detection properties. 

Therefore, the embodiment in which the circuit 

shown in Figure 4 Is mounted on an insulated 

substrate . 2 provides sufficient cooling effect and 

realizes a compact air flow detector with a simple 

structure. 

In the foregoing embodiments with mounted 
circuits in Figures 3 and 4, air flow detection output 
is provided in the form of a voltage signal. How- 
ever . a voltage signal is not always the desired air 
flow detection output, and there are cases where a 
frequency signal or digital signal is desired, de- 
pending on the operating environment, such as an 
engine control unit. 

Figure 5 is an embodiment of a conversion 
circuit suitable for use when an air flow detection 
circuit is given as a frequency signal. For this 
purpose, a voltage-frequency conversion circuit V-F 
is coupled to the voltage output Vo in Figures 1 
and 3. Figure 6 is a conversion circuit which pro- 
vides a digital readout, using an analog-digital con- 
version circuit A/D. Both- of these embodiments are 
mounted on an Insulated substrate 2 along with the 
circuit in Figure 3 or Figure 4. and operate by 
using a voltage signal Vo (which shows air current) 
as input and outputting frequency signal F or digital 
signal Do - Dn. In. the embodiment of Figure 6. It is 
of course apparent that the increase in the number 
of output terminals corresponds to the number of 
bits required. Since, air flow can thus be output as 
a frequency signal or digital signal according to 
embodiments in Figures 5 and 6. the present in- 
vention can be applied regardless of the nature of 
the component that will be using this air flow out- 
put. 



Fluctuation of the output signal caused by tur- 
bulence in air flow. (Le., occurrence of noise) is 
another factor that must be taken into consideration 
in an air flow detector of this sort. Such turbulence 
5 becomes significant when an obstruction exists in 
the vicinity of the exothermic resistor Rh, or when a 
drift air flow is generated inside the air passage 
(which is mainly attributable to the structure of the 
air passage), causing fluctuations in engine speed 
w during idle operation in an automobile engine con- 
trol. This additional factor is dealt with in the em- 
bodiments shown in Figures 7 and 8. 

In Figure 7, a center of passage Pc has the 
most stable air flow inside an air intake tube 10 
75 which serves as an air passage. Thus, the exother- 
mic resistor Rh and air temperature detection resis- 
tor Rc (which is not a prerequisite) are placed 
there, and control circuits with a coating resin 8 
such as a transistor T and a differential amplifier A 
20 are placed away from them on both sides in this 
embodiment. In this way, an air flow detector with 
. excellent properties and little noise generation is 
provided because exothermic resistor Rh is placed 
at a point where air flow is most stable (that is. the 
25 center of passage Pc), and influence from turbu- 
lence in air flow due to the protruding control 
circuit with a coating resin 8, is reduced. 

Figures 9 and 10 show an insulated substrate 2 
in a further embodiment of the invention which is 
30 capable of reducing noise output. In this embodi- 
ment, exothermic resistor Rh and air temperature 
detection resistor Rc are formed on one surface of 
the insulated substrate 2 at the center of air pas- 
sage Pc as shown in Figure 9. and a control circuit 
35 comprised of a transistor T, a differential amplifier 
A and resistors Rl. R2 and R7 are formed on the 
other surface, as shown in Figire 10. The electric 
connection of one surface and the other surface of 
the insulated substrate 2 is realized via through 
40 holes hi and h2. Because the turbulence in air flow 
on the surface on which the control circuit is situ- 
ated does not reach the other surface in this em- 
bodiment, air flow is sufficiently stable at a point 
where exothermic resistor Rh Is formed, further 
45 improving the SN ratio. 

Figure 1 1 shows the details of a through hole 
section in the embodiment shown in Figures 9 and 
10. An insulated substrate 2 made of alumina ce- 
. ramie in a green sheet state forms, for instance, a 
50 conductive metal film 21 using metal such as tung- 
sten. It also forms an alumina film 22. and cal- 
cinates it to produce an alumina ceramic insulated 
substrate 2. the air flow detector In this embodi- 
nrient Is structured by forming an exothermic resis- 
55 tor Rh and a control circuit on the front and rear 
surfaces of the substrate, respectively. The alumina 
film 22 is provided to protect the circuit on the 
fixed section using an adhesive 7 which is shown 
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in Figure 1. ' 

In addition to the method in this embodiment, 
formation of a through hole can also be achieved 
by using chemical plating methods on an insulated 
substrate 2. . 5 

While passive components such as the ex- 
othermic resistor Rh as well as the connecting 
circuit and a resistor of the control circuit in the 
foregoing embodiments are formed by a thick film 
using print, a thin film using vaporization or a lo 
combination of both can also be used. As pre- 
viously noted, however, active components such as 
a transistor T and a differential amplifier A are 
discrete parts, and therefore constitute an obstruc- 
tion that creates turbulence in air flow and gen- is 
erates noise in the output signal. 

In contrast to the previous embodiments, the 
detector of Figure 12 has active components struc- 
tured as a thin-fjim semiconductor, using a 
vaporization technique. That is. conductor 23 is 20 
formed by vaporization, as are semiconductor lay- 
ers 24, 25 of Ga and As, both being covered by an 
insulated film 26, Semiconductor layers 24 and 25 
form a MOS type transistor using the insulated film 
26 as a gate insulation film, and structure a dif- 25 
ferential amplifier A in the circuit shown In Figure 3. 
A glass vaporization film 27 coats and protects the 
whole circuit. Therefore, as active components also 
have a thin-film structure according to this embodi- 
ment, there is no concern for turbulence in air flow, 30 ' 
and noise can be maintained at a sufficiently low 
level. 

The embodiment in Figure 13 has the same 
substrate as the embodiment in Figure 12. but 
adds an insulating film 28 and an upper layer 35 
conductor 29 and is mounted as a multi-layer in- 
tegrated circuit. This arrangement facilitates maxi- 
mum integration of a thin film MOS transistor. 

Figure 14 is an embodiment of the present 
invention applied to an air intake system of an 40 
automobile engine, which includes an air cleaner 
box 101. an air filter 102, a throttle chamber 103, a 
throttle valve 104, a duct 105, current plates 106, . 
107 and 108. In this embodiment, air enters air 
cleaner box 101 from the direction of the arrow in 45 
the figure, passes through a throttle valve 104 and * 
is sucked into the engine. 

Current plates 106, 107 and 108 are provided 
to eliminate a convolution which occurs in the pas- 
sage of air through the Intake system in an engine 50 
of this type, which in turn generates air intake 
noise. One of the current plates 107, and the 
insulated substrate 2 are placed in direct contact. 
An exothermic resistor Rh and a control circuit are 
formed on the insulated substrate 2. Because the 55 
insulated substrate 2 Is in direct contact with cur- 
rent plate 107, the heat generated from the control 
circuit Is not only carried by air current and dis- 



persed, but is also propagated to the current plate 
107, which serves as a radiator, thereby realizing 
more efficient cooling. An air flow detector that can 
withstand the difficult condition of use in auto- 
mobiles (high temperature), is thus provided In a 
simple manner. 

Figure 15 is an embodiment of an engine con- 
trol unit according to the present invention in which 
fuel control for an automobile engine is performed 
by placing four air flow detectors 10 on the air 
Intake valves of the cylinders of an automobile 
engine (4 cylinders in this case). A control unit 203, 
which includes a microcomputer, is used to com- 
pute the optimum fuel volume to be supplied to 
each cylinder based on the air flow signal for each 
cylinder obtained from the respective air flow de- 
tectors 10a, 10b, 10c and lOd. and on the output 
signal from an engine rotation detector 202. The 
results of this computation are used to drive an 
injector 204 on each cylinder. Because air intake 
current is detected independently for each cylinder, 
and fuel supply volume is calculated accordingly in 
this embodiment, optimum fuel supply volume can 
be maintained at all times regardless of fluctuations 
in intake air flow between cylinders, thereby realiz- 
ing an engine control system -with clean exhaust 
gas. 

In the air intake detectors according to the 
present Invention, radiation of the control circuit is 
simplified and air flow is not disturbed. Thus, an 
automobile engine control system is provided 
which has a simple structure, has little output 
noise, easily offers a compact air flow detector, and 
can withstand \he difficult temperature condition of 
an automobile. 

Although the invention has been described and 
illustrated in detail, it is to be clearly understood 
that the same is by way of illustration and example, 
and is not to be taken by way of limitation. The 
spirit and scope of the present invention are to be 
limited only by the terms of the appended claims. 

Claims 

1. Fluid flow detector (1) comprising: 

a heating element whose heat output is 
controlled by an annount of electric current (Ih) 
provided thereto; 

a control circuit for providing an electric 
current (Ih) to said heating element and for 
detecting a quantity of heat transferred from 
said heating element by said fluid flow (Q); 

both of said control circuit and said heat- 
ing element being adapted to be inserted into 
said fluid flow (Q). whereby heat . generated 
thereby is transferred to said fluid. 
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2. Apparatus according to claim 1, wherein said 
control circuit and said heating element are 
mounted on a surface of an insulated substrate 
(2). 

3. Apparatus according to claim 2, wherein said 
heating element is an exothermic resistor (Rh). 

4. An apparatus according to claim 3, wherein 
said exothermic resistor (Rh) is a film-type 
resistor formed on a surface of said insulated 
substrate (2). 

5. Apparatus according to claim 4, wherein said 
control circuit comprises at least one resistive 
element as a film on a surface of said in- 
sulated substrate (2). 

6. Apparatus according to claim 5, wherein said 
fluid flow is contained within a fluid intake 
passage (10) having an opening therein, said 
control circuit and said exothermic resistor 
(Rh) being adapted to be inserted Into said 
intake passage (10) through said opening. 

7. Apparatus according to claim 6, wherein said 
fluid intake passage (10) has a substantially 
circular cross section. 

8. Apparatus according to claim 7, wherein said 
control circuit and said exothermic resist or 
(Rh) are positioned substantially at a central 
portion of said fluid intake passage (10). 

9. Apparatus according to claim 8, wherein said 
exothermic resistor (Rh) is positioned substan- 
tially at a central portion of said fluid intake 
passage (10) and said control circuit is posi- 
tioned at an edge of said fluid intake passage . 
(10). 

10. Apparatus according to claim 9, wherein said 
exothermic resistor (Rh) is formed on a first 
surface of said insulated substrate (2) and said 
control circuit is positioned on a second sur- 
face of said insulated substrate (2) which is 
opposite said first surface. 

11. Method of using a fluid flow detector (1) having 
a heating element whose heat output is con- 
trolled by an electric current (Ih) provided 
thereto, and a control circuit for providing an 
electric current (Ih) to the heating element and 
for detecting a quantity of heat transferred 
from said heating element to said fluid flow 
(Q), said method comprising the step of: 

placing both of said control circuit and an 
exothermic resistor (Rh) in a path of said fluid 



flow (Q), whereby heat generated thereby is 
transferred to said fluid. 

12. r^ethod according to claim 11, wherein said 
5 control circuit and said heating element are 

mounted on a common carrier element. 

13. Method according to claim 12, wherein said 
control circuit and said heating element are 

10 positioned at a location which is substantially 

at a center of cross section of said fluid flow 
(Q). 

14. Method according to claim 13, wherein said 
.75 heating element is an exothermic resistor (Rh). 

15. Method of measuring a fluid flow (Q) compris- 
ing the steps of: 

providing a heating element having a heat 
20 output controlled by ah electric current (Ih) 

supplied thereto; 

supplying an electric current (Ih) to said 
heating element; 

providing a control circuit which detects 
25 heat from said heating element and controls 

said electric current (Ih) in response thereto; 

placing said heating element and said con- 
trol circuit in a path of said fluid flow (Q) 
whereby heat from said heating element and 
30 from said contrql circuit is transferred to said 

fluid; and 

measuring said electric current (Ih). 

16. Method according to claim 15, wherein said 
35 control circuit and said heating element are 

mounted on a surface of an insulated substrate 
(2). 

17. Method according to claim 16. wherein said 
40 heating element is an exothermic resist or 

(Rh). 

18. Method according' to claim 17, wherein said 
exothermic resistor (Rh) is a film type resistor 

45 formed on a surface of said insulated substrate 

(2). 

19. Method according to claim 18, wherein said 
control circuit comprises at least one resistive 

50 element formed as a film on a surface of said 

insulated substrate (2). 

20. Method according to claim 19, wherein said 
fluid flow is contained within a fluid intake 

55 passage (10) having an opening therein, said 

control circuit and said exothermic resistor 
(Rh) being adapted to be inserted into said 
intake passage (10) through said opening. 
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21.. Method according to claim 20, wherein said 
fluid intake passage (10) has a substantially 
circular cross section. 

22. Method according to claim 21. wherein said 
control circuit and said exothermic resistor 
(Rh) are positioned substantially at a central ' 
portion of said fluid intake passage (1 0). 

23. Method according to claim 22, wherein said 
exothermic resistor (Rh) is positioned substan- 
tially at a central portion of said fluid intake 
passage (10) and said control circuit is posi- . 
tioned at an edge of said fluid intake passage 
(10). 

24. Method according to claim 23, wherein said • 
exothermic resistor (Rh) is formed on a first 
surface of said insulated substrate (2) and said 
control circuit is positioned on a second, sur- 
face of said insulated substrate (2) which is 
opposite said first surface. 

25. System for detecting fluid flow in fluid intake 
passage (10) of each cylinder of an engine 
having a multiplicity of cylinders, comprising: 

a multiplicity of fluid flow detector circuits, 
each comprising an exothermic resistor (Rh) 
and a control circuit for supplying an electric 
current (Ih) to said exothermic resistor (Rh) 
and for measuring a quantity of heat trans- 
ferred from said exothermic resistor (Rh) by a 
fluid flow (Q); 

one such fluid flow detector circuit being 
placed in a fluid intake passage (10) for each 
respective cylinder of said engine. . 

26. A fluid flow detector (1) comprising: 

an exothermic resistor (Rh); 

fluid temperature detection resistor (Rc); 

a control circuit for controlling a flow of 
electric current (Ih) to said exothermic resistor 
(Rh) and to said fluid temperature detection 
resistor (Rh); and 

means for measuring current flowing in 
said exothermic resistor (Rh); 

said exothermic resistor (Rh), said fluid 
temperature detection resistor (Rc), and said 
control circuit being arranged in a path of said 
fluid flow (Q). 

27. Detector according to claim 26, wherein said 
exothermic resistor (Rh) and said fluid tem- 
perature detection resistor (Rc) are connected 
in parallel. 

28. Detector according to claim 27, wherein said 
fluid temperature detection resistor (Rc) is ar- 



ranged in proximity to said exothermic resistor 
(Rh) and upstreann therefrom relative to a di- 
rection of said fluid flow (Q). 

5 29. Detector according to claim 28. wherein said 
exothermic resistor (Rh) and said fluid tem- 
perature detection resistor (Rc) are connected 
in opposite branches of a bridge circuit. 

10 30. Detector according to claim 29, wherein said 
control circuit comprises: 

a differential amplifier (A) having inputs 
connected to said opposite branches of said 
' bridge circuit; and 
15 a transistor (T) which is coupled to control 

a flow of current (Ih) to said bridge circuit; 

said differential amplifier (A) having an out- 
put which is connected to a base of said 
transistor (T). 
20 ... . 
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